, the flow convergence and divergence normally occur in the pool 51 head section and pool tail section, respectively. Hassan and Woodsmith (2004) pointed out 52 that sediment particles tend to be delivered with lower shear stresses in the pool than those in 53 other channel sections. Clifford (1996) observed that the pool head section has higher 54 turbulence intensity. Thompson (2002 Thompson ( , 2004 found a shear zone at the downstream section 55 of the obstruction in a forced pool which tends to generate turbulent vortices that may also be 56 important for pool scour (Thompson 2006 (Thompson , 2007 . In a pool-riffle sequence which is forced to (Karcz 1966; Nezu et al. 1988 ). Müller and Studerus (1979) reported that up-flows occur over 89 the smooth strips and down-flows over the rough strips forming a pair of counter-rotating 90 flow cells with a diameter which is the same as the flow depth. Nezu and Nakagawa (1984) 91 carried out experiments over artificial longitudinal ridges of 45° trapezoidal cross-section. during experiments. Flow depths were measured by using a point gauge with 1mm increment.
138
A pump with a maximum discharge of 50Liter/s (with the accuracy of % ±0.5) was used to 139 circulate water from a sump. The flow discharge was measured by an electromagnetic flow 140 meter. The normal flow depth of 0.26cm in the channel, measured before bed forms when 141 channel-bed slope is zero and the corresponding width-depth ratio (aspect ratio) was 3.5. In present research, as shown in Figure 1a and Figure 1b, unable to collect data in the zone from water surface to a depth of 5 cm below water surface.
181
Measured data showed that there is no difference between results using 2-minutes data 182 sampling and those using 5-minutes data sampling. Velocity spikes were removed using the 
where, m 1 , m 2 and m 3 are dimensionless coefficients. Then, the product of each couple 244 velocity components can be expressed as follows:
By integrating each part of Equation 7 from zero to the maximum measured depth (H), the 
where, M 12 , M 23 and M 13 are defined as the secondary flow coefficients: given as follows: Therefore, the distribution of ε yz is assumed to be given as a parabolic function. It is the 274 distribution of (vʹ 2 -wʹ 2 ) that controls the structure of the secondary currents, as pointed out by 275 Gerard (1978) . 
